The use of hygroscopic sonographically detectable clips (HSDCs) has dramatically increased during the last years, especially in breast cancer patients who undergo neoadjuvant chemotherapy. The aims of this study are to define the appearance of HSDC sites in histopathological specimens, and to enable pathologists to recognize these sites and differentiate them from other lesions. We examined 124 breast cancer specimens in which the application of HSDCs was documented, 88 breast tissues and 36 lymph nodes, and analyzed the appearance of the clip site in these tissues. The clip site was clearly detected histologically in 79/88 (90%) of the breast specimens and in 29/36 (81%) of lymph node specimens. In most of the specimens, the HSDC site had a specific characteristic appearance of a pseudocyst, lined by layers of epithelioid histiocytes, sometimes with pseudopapillary formation, and with minimal or no fibrosis. This was the appearance in 69 of the breast specimens and in 23 of the lymph node specimens. In other specimens, scarring, scattered foamy macrophages and abundant siderophages were the predominant findings, as usually found in sites of other clips. As non-palpable breast lesions become more frequent, clips play a major role in the treatment of breast cancer, making them an important component of the communication among radiologists, surgeons, pathologists, and oncologists. HSDCs in tissues have a characteristic appearance with an epithelioid component. Pathologists should be able to recognize this finding, differentiate it from other breast lesions and include it in the pathology report.
Increased availability of screening for breast cancer and compliance to screening, as well as improved sensitivity of modern screening tools, have led to a high rate of detection of very small breast tumors. 1 Such small cancers may be completely removed by percutaneous sampling. 2 Improved anti-cancer drugs and patient selection for neoadjuvant treatment increase the rate of complete radiological and pathological response of breast cancers. 3 To prevent loss of tumor location in such instances, marker metal clips are often used in breast cancer surgery over the last two decades. 4, 5 Markers are commonly used for inconspicuous lesions, for tumors planned for neoadjuvant therapy, or in cases in which the biopsy procedure itself removes the lesion or reduces its visibility. 6 Such clips may also help identify axillary nodes that had metastases prior to neoadjuvant treatment. This is specifically important in centers that practice sentinel lymph node biopsy for involved nodes following chemotherapy. [7] [8] [9] Ultrasound performed by clinicians is rapidly expanding in many medical fields such as anesthesia for delivering nerve blocks, trauma medicine for quick emergency room evaluation, and in breast cancer surgery. 10, 11 Intraoperative ultrasound in breast conserving surgery has been shown to reduce the rate of re-operations. [12] [13] [14] With this background, a wide variety of ultrasound visible tissue localization marker clips have been designed. The availability of such clips offered sonographic targeting as a faster and less expensive alternative to stereotaxis, with less patient discomfort and without exposure to ionizing radiation. 6 The use of sonographically visible clips in conjunction with intraoperative ultrasound often obviates the need for pre-operative localization procedures. 15 Many types of sonograpically detectable clips (SDCs) from different manufacturers have become available in the last decade. 16 A thorough comparative analysis of their main features, composition, size, and sonographic visibility, with pictures of the different clips and their sonographic tissue appearance, has been published by Seow et al. 6 The main types of SDCs include: (1) 17 economic parameters, local service considerations, and the personal preferences and experience of the radiologists and surgeons. In our center we have used the hygroscopic Hydromark clip (Mammotome). According to information from the manufacturer, the global annual use of the hydromark clip exceeds 200 000 units. Like most widely used clips, it contains a metal and hygroscopic gel organic component. The metal size of this clip is~2 mm. We previously found that it is sonographically visible for at least 6 months after placement, 9 tends not to be displaced with time and enables good cross-modality communication. The degradability of its hygroscopic component may be an additional advantage if the lesion does not have to be removed.
The availability of MRI-compatible metal and hygroscopic SDCs (HSDCs) enables a significant facilitation of cross-modality correlation. Lesions seen by MRI only or mammography only become accessible to removal by the use of intraoperative ultrasound if they contain an SDC. 6 The presence of SDC can help in the localization by the surgeon, especially in presence of additional, benign findings. 14 With the increased use of neoadjuvant therapy, and the high rates of complete response to it, clips become the target site of breast and lymph node surgical procedures. It is imperative that the pathologist recognizes and describes the appearance of a clip site in the tissue in this setting.
Tissue response to breast biopsy site marking devices has been described in 2005, and was found to be dependent on the type of devices used. 17 The aim of the present study is to define and characterize the appearance of HSDC sites in breast and lymph node histopathological specimens. For this purpose, we reviewed our database for cases with documented use of HSDCs between 2014 and 2016 in our Breast Service unit, and analyzed the histopathological specimens of the patients who underwent HSDC placement. We found that HSDC sites tend to show pseudocysts lined by epithelioid histiocytes in breast and lymph node tissue.
Materials and methods
Institutional Review Board authorization was obtained to perform this study, and informed consent was waived.
To identify pathological specimens with hygroscopic clips, we reviewed the prospective database of our breast surgery service, the surgical reports, and the gross pathology reports of 1260 surgical procedures performed in our breast service between 2014 and 2016. This screening led to the finding of 124 breast cancer surgical specimens in which the introduction of HSDCs was documented: 88 breast tissue specimens and 36 lymph node specimens. The time period between the clip placement and the resection procedure varied from 1 day to 7 months. The sonographically detectable clip used was the HydroMARK clip (Mammotome).
Hematoxylin and eosin (H&E) stained slides were examined in all cases. The cellular components, degree of inflammation, fibrosis, neovascularization, and presence of birefringent foreign material were analyzed in all cases.
Results
The histologic detection rate and appearance of HSDCs in breast and lymph node tissue is summarized in Table 1 . The clip site was clearly detected histologically in 79/88 (90%) of the breast specimens and in 29/36 (81%) of the lymph node specimens. In most of the specimens, the HSDC site had a specific characteristic appearance of a pseudocyst, lined by epithelioid histiocytes, sometimes with pseudopapillary formation (Figure 1 ), and with minimal or no fibrosis. This was the appearance in 69 of the breast specimens and in 23 of the lymph node specimens. This appearance was different from that usually encountered in specimens with other types of clips and localization wires, in which scarring, scattered foamy macrophages, and abundant siderophages are the predominant findings. In a specimen taken 1 day after clip placement, no histiocytic reaction was seen (Figure 2 ). Three weeks after HSDC placement, histiocytes formed a lining of one layer around the clip site (Figure 3) . The content of the clip site was described as gelatinous in some of the pathology report's gross descriptions. In some cases, a substance with a basophilic hue resembling myxoid or mucinous material was noted at the clip site, likely reflecting the organic gel material of the clip (Figure 4 ). This substance should not be mistaken as an indicator of mucinous carcinoma.
There are rare cases in which a differential diagnosis exists between a clip site and viable carcinoma after neoadjuvant chemotherapy. Figure 5a shows a lymph node, 5 months after clip placement in a metastatic tumor, and after neoadjuvant chemotherapy (cyclophosphamide, doxorubicine, and paclitaxel) administered during these months. Two cystic spaces with different linings are seen in the lymph node: One of them, in the upper part of the micrograph, is a pseudocyst formed by the hygroscopic clip. The other cystic formation is lined by viable tumor cells. Immunostains for CD68 and cytokeratin delineates the nature of the cystic spaces (Figure 5b and c) .
The main cellular hallmark of the appearance of clip sites in lymph nodes is epithelioid histiocytes, sometimes forming structures mimicking pseudopapillations, with granulomatous reaction. These features are also found in frozen sections taken intraoperatively as sentinel lymph nodes ( Figure 6 ).
Discussion
In this work, we show that hygroscopic, sonographically detectable clips elicit a tissue response that can be specifically identified by the pathologist. This response is the formation of a pseudocyst lined by histiocytes.
In the classic view, the process of breast cancer surgery is the excision of palpable breast masses by mastectomy or breast conserving excision. Currently, many surgical procedures are directed at nonpalpable lesions. 11, 14 The technological improvements in mammography, together with the introduction of breast ultrasound and MRI for screening purposes, and the increased public awareness have dramatically improved the ability to identify suspicious non-palpable lesions. Very small lesions are no longer rare and the rate of non-palpable cancers approaches 50% of patients in many centers and continues to grow. 13, 18 This trend shifts the physical target in breast surgery from the tumor itself to surrogate markers such as localizing wires, radioactive seeds, or metal clips in many operations.
Situations in which clips may constitute the physical target of the surgical procedure include non-palpable cancers, sites of tumors that were removed by percutaneous biopsy procedures, and tumors sites after neoadjuvant chemotherapy, especially in the face of complete radiologic response. In the latter situation, there is a long time gap between the localization of the tumor and the surgical procedure. The aim of the pathologist who analyzes the surgical specimen is to identify every possible pathological process in the specimen. When the lesions are very small, or in the face of a complete or nearly complete response to chemotherapy, the pathologist must recognize the localization markers used by the surgeon not only in the gross specimen, but also at the tissue level. The recognition of a biopsy tract can occasionally have a dramatic impact on the diagnosis and treatment. 19 The histological appearance of localization marker sites has been characterized for different clips. 17, 20 To the best of our knowledge, the specific histologic response to hygroscopic clips has not been addressed.
Most biopsy tracts, wires, and clips elicit a similar histologic response of local inflammation, foreign body reaction, fat necrosis, fibrosis, and pigment accumulation resulting from hemosiderin deposition. 17, 20 Specific markers such as collagen plugs have recognizable histologic appearance. 17 Inflammation, fibrosis, giant cell reaction, and accumulation of fibrinous material have also been described in response to hygroscopic clips with pellets containing polylactic acid/ polyglycolic acid, similar to those used today. 17 The characteristic pseudocystic finding in sites of hygroscopic clips described here is unique, and may help the pathologist with navigation in the tissue and interpretation of findings. The difference between the description from 2005 and the present one may stem from differences in the clips themselves, in the procedure of their placement, or from the fact that in 2005 clips were maintained in the tissue for relatively short periods up to 6 weeks, whereas nowadays the duration is longer and may reach up to 6 months. 9 The pathologic examination of a tissue containing a clip may not be considered complete if the site of the clip is not described. For example, if a hygroscopic clip was placed and viewed by the surgeon in a tumor and the pathologist finds a small malignant tumor in the tissue but can not locate the clip near it, consideration should be taken to verify that the very tumor viewed by the surgeon was indeed found in the tissue grossing. Furthermore, if a clip was placed in a metastatic lymph node before neoadjuvant therapy, and 6 months later a sentinel lymph node is free of viable tumor and shows signs of response to therapy, it is the clip site that tells the pathologist and the surgeon that the examined lymph node is the site in which tumor had been found. In other words: Since the physical target of the surgeon is a clip, a pathology report is not complete without a description of the clip site.
The morphological features of a hygroscopic clip site may raise differential diagnoses. The most obvious one is granulomatous lymphadenitis. In specimens of post-neoadjuvant therapy, histiocytes may raise the differential diagnosis of a tumor site with complete response. Moreover, given the epithelioid appearance of histiocytes and the potential formation of pseudopapillary structures, special attention should be given not to misinterpret this finding as an epithelial metastasis. This may specifically potentially happen in frozen sections of low technical quality of adipose lymph nodes.
The use of HSDCs had a dramatic impact on the communication between the surgeon and the radiologist about the navigation in the breast tissue in the surgical position. 9, 21, 22 The ability to morphologically detect the clip site at the tissue level introduces the pathologist into this communication and further enables radiologic-pathologic correlation in surgical specimens.
To summarize, hygroscopic sonographically detectable clips elicit a tissue response characterized by pseudocysts lined by epithelioid histiocytes, with foreign body reaction, and often with minimal or no fibrosis or inflammation. The pathologist should recognize this finding, associate it with the presence of a hygroscopic clip, and include it as an integral part of the pathology report. Figure 6 Photomicrograph of a frozen section of a clip site in a lymph node 3 months after clip placement. Prominent granulomatous reaction, epithelioid cells and pseudopapillary projections are seen. Care must be taken not to misinterpret the epithelioid cells as epithelial. Original magnification × 100, H&E staining.
